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MODIFIED INSULIN-LEE GROWTH FACTORS 

Field of the Inve rt™ 

This invention relates to the modification of polypeptides, and more particularly to 
• the modification of insulin-like growth factors and to methods of making and using such 
modified polypeptides. 

Background of the. l«y^ti n 

The insulin gene family, comprised of insulin, relaxin, insulin-like growth factors 
1 and 2, and possibly the beta subunit of 7S nerve growth factor, represents a group of 
structundly related polypeptides whose biological functions have diverged as reported in 
Dull, et al., Harare 310:777-781 (1984). 

Insulin-like growth factors 1 and 2 (IGF-1 and IGF-2) are about 7-8 kUodakon 
proteins that are structurally related to each other and to insulin. IGF-1 and IGF-2 share 
about 70* amino acid identity with each other and about 30% amino acid identity with 
insulin. IGF-1 and IGF-2 are believed to have related tertiary structures as reported in PCT 
Application Publication No. WO 90/00569, published on January 25, 1990. The structural 
similarity between IGF-1 and IGF-2 permits both to bind to IGF receptors. Two IGF 
receptors are known to erist. IGF-1 and IGF-2 bind to the IGF type I receptor while 
msulin binds with less affinity to this receptor. The type I receptor preferentially binds 
IGF-1 and ,s believed to transduce the mitogenic effects of IGF-1 and IGF-2. IGF-2 binds 
to the type I receptor with a 10-fold lower affinity than IGF-1. The second or type II IGF 
receptor preferentially binds IGF-2. Receptor binding is believed to be necessary for the 
biological activities of IGF-1 and IGF-2. 

IGF-1 and IGF-2 are mitogenic for a large number of cell types, including 
fibroblasts, keratinocytes, endothelial cells and osteoblasts (bone-forming cells). IGF-1 and 
IGF-2 also stimulate differentiation of many cell types, e.g., synthesis and secretion of 
collagens by osteoblasts. IGF-1 and IGF-2 exert their mitogenic and cell differentiating 
effects by binding to the specific IGF cell surface receptors. IGF-1 also has been shown 
to mhibit protein catabolism in vivo, stimulate glucose uptake by cells and to promote 
survval of isolated neurons in culture. These properties have led to IGF-1 being tested as 
a therapeutic agent for a variety of disease indications as reported in Froesch et al., Jjejids 
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ilLEndocrino Iogv and Metaholism , 254-260 (May/June 1990) and Cotterill flinjcal 
Sldocnapjogx, 37:11-16 (1992). In addition to specific cell surface receptor, there exist 
at least six distinct IGF binding proteins (IGFBP-l through IGFBP-6) that circulate 
throughout the body. These proteins bind IGF-1 and IGF-2 with high affinity. Hie binding 
of IGF-1 and IGF-2 to binding proteins reduces the action of these IGFs on cells by 
preventing their interaction with cell surface IGF receptors. IGF binding proteins 
particularly IGFBP-3, also function to prolong the circulating half-lives of IGF-1 and IGF-2 
in the blood stream. In the absence of IGF binding proteins, the half-life of IGF-1 in blood 
is less than 10 minutes. In contrast, when IGF-1 is bound to IGFBP-3, its half-life in blood 
is lengthened to about 8 hours. The circulating half-life of IGF-1 bound to the other 
smaller binding proteins is about 30 minutes as reported in Davis et al J. of 
lodSSDOte, 123:46^475 (1989); Guler et al., Acta Endn^in^ Ul'^lSS 
(1989); and Hodgkinson et al., J, c-f Bndpcrinolpfv, 123:461-468 (1989). When IGF is 
bound to binding proteins, it is unable to bind to the IGF receptors and is therefore no 
longer active in the body. Decreased affinity to binding proteins allows more of the IGF 
to be active in the body. Situations when this decreased affinity to binding proteins may 
be useful include, for example, cachexia, osteoporosis, and peripheral neuropathies. 

Furthermore, the therapeutic utility of IGF can be modified by the presence or 
absence of these IGF binding proteins, which may potentiate or inhibit the beneficial effects 
of IGF. The levels of certain IGF binding proteins can vary greatly, depending upon the 
dKease state. For example, IGFBP-l levels are very high in diabetes patients, whereas they 
are nearly undetectable in normal patients as reported in Brismar et al., J. of 
Endocrinoloriral T ™™'™™ » 11:599-602 (1988); Suikkari et al., J. of riin,v,i 
Endocri nology and M^holism , 66:266-273 (1988); and Unterman et al , Biochem 
Biophys. Res. Comm., 163:882-887 (1989). IGFBP-3 levels arc reduced in severely ill 
patients such as those that have undergone major surgery as reported in Davies et al L 
mxzmm, 130:469-473 (1991); Davenport et al., J. Clin. EnHn,.^ m»,,k 75:590 _ 
595 (1992). The reduced levels of IGFBP-3, and consequent shorter circulating half-life of 
IGF-1, may contribute to the cachexia (weight loss) seen in these patients. 

Insulin-like growth factor 1 (IGF-1), also known as somatomedin C, has long been 
studied for its role in the growth of various tissues. Its role as a useful therapeutic agent 
for several disease conditions has been suggested. Significantly reduced levels of IGF-1 
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were found in 23 patients with varying extent and severity of bums as reported in Moller 
etaL.Burns, 17(4):279-281 (1991). A marked rise in serum type IE procollagen, a marker 
of bone formation, occurred after one week of administration of recombinant^ produced 
IGF-1 to patients with dwarfism otherwise non-responsive to growth hormone as reported 
in Laron et al., C l inical Endocrinol , 35: 145-150 (1991). The effects of the infusion 
of IGF-1 in a child with Laron Dwarfism is described in Walker et al. , The New Bhp hnrf 
JPPmal of Medicine , 324(21): 1483-1488 (1991). Increased weight gain, nitrogen retention 
and muscle protein synthesis following treatment of diabetic rats with IGF-1 or IGF-1 
having a deletion of the first three amino acids ordinarily found in IGF-1 (referred to as 
■(desl-3)IGF-P) we re demonstrated in Tomas et al., Biochem. J , 276:547-554 (1991). 
Growth restoration in insulin-deficient diabetic rats by administration of recombinant^ 
produced human IGF-1 is reported in Scheiwiller et al., Njtaje., 323:169 (1986). IGF-1 
and (desl-3)IGF-l enhance growth in rats after gut resection, as reported in Lemmey et al., 
Am ' 1 260 (Endocrinol. Metab. 23) E213-E219 (1991). A combination of 

platelet-derived growth factor and insulin-like growth factors, including IGF-1, enhanced 
periodontal regeneration in beagle dogs as reported by Lynch et al., J. Clin Pfcrinri^ 
16:545-548 (1989). The synergistic effects of platelet-derived growth factor and IGF-1 hi 
wound healing are reported in Lynch et al., Proc Natl. Ar^ri 84:7696-7700 (1987). 
The effects of IGF-1 and growth hormone on longitudinal bone growth in vitro are set forth 
in Scheven and Hamilton, Acta Endocrinologies (r^nh^) 124:602-607 (1991). In vivo 
actions of IGF-1 on bone formation and resorption in rats are shown in Spencer et al., 
Bone, 12:21-26 (1991). The use of IGF-1 and IGF-2 for enhancing the survival of non- 
mitotic, cholinergic neuronal cells in a mammal is described in U.S. Patent 5,093,317 to 
Lewis et al. In addition, PCT Application Publication No. WO 92/1 1865 published on July 
23, 1992, describes the use of IGF-1 for the treatment of cardiac disorders. 

Various modifications to the naturally occurring or wild-type IGF-1 have been 
described. For example, the naturally occurring variant of IGF-1 missing from the first 
three N-terminal amino acids, (desl-3)IGF-l, was discovered in cerebral spinal fluid and 
in colostrum as reported in Sara, et al., Proc.Natl.Acad Sri , 83:4904^907 (1986) and 
Francis et al., B i ochemical Journal , 251:95-103 (1988). In vitro studies have shown that 
this variant is equipotent to IGF-1 in binding to IGF cell surface receptors and in 
stimulating cell mitogenesis. Thus, the first three amino acids of IGF-1 appear to be 
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nonessential for the binding of IGF-1 to its specific cell surface receptors. (Desl-3)IGF-1 
was found to have greatly reduced affinity (100-fold less) for certain IGF binding proteins 
specifically IGFBP-1 and IGFBP-2, as reported in Forbes et ah, Biochenv Rirmhvc »J 
OMUL, 157:196-202 (1988); and Carlsson-Skwirut et al., Biochim. Binnhv. ^ 
• 1101:192-197 (1989). The binding of IGFBP-3 to (desl-3)IGF-l also is affected, being 
reduced by two to three fold. Animal studies have shown that (desl-3)IGF-l f when given 
by continual subcutaneous infusion, is more potent than IGF-1 in stimulating'a number of 
anabolic functions, such as growth, reported in Cascieri et aL, J. Endocrinnln^ 123:373- 
381 (1988) and Gillespie et al., J, Endocrinous, 127:401-405 (1990). The enhanced 
properties of (desl-3)IGF-l are believed to result from its reduced affinity for IGF binding 
proteins, reported in Carlsson-Skwirut et al., Biochim. Rinphy. a^, 1101:192-197 
(1989). The reduced affinity of (desl-3)IGF-l for IGF binding proteins results in (desl- 
3)IGF-1 having a shorter circulating half-life than wild type IGF-1 as reported in Cascieri 
et al., J, Endocrino^Fy , 123:373-38! (1988). Therefore, (desl-3)IGF-l roust be 
administered by continual infusion or by multiple daily injections in order to effect its 
enhanced potency. 

PCT Application Publication No. WO 89/05822 published on June 29, 1989, 
describes other modifications of IGF-1 . This application describes substituting the third 
amino acid from the N-terminal end of the naturally occurring IGF-I with glycine, 
glutamine, leucine, arginine or lysine to form IGF-1 muteins. This reference however does 
not teach replacing the third amino acid with cysteine. 

The potential therapeutic usefulness of IGF-1 and (desl-3) IGF-1 is limited by their 
short circulating half-lives to situations when the proteins can be administered by continual 
infusion or by multiple daily injections to achieve their maximum therapeutic potential. As 
an example, Woodall et al., Horm. Metah fl n , 23: 581-584 (1991), reports that the same 
total dose of IGF-1 administered four times daily by subcutaneous injection was far superior 
in stimulating growth in mutant lit/lit mice (growth hormone deficient mice) than was the 
same total dose administered once daily. 

There are many cases in which it would be preferable to administer IGF-1 in a 
single once-a-day injection or in a single injection given once every several days. For 
injectable drugs, patient compliance is expected to be higher for drugs that can be 
administered once a day rather than several times a day. In order for IGF-1 to be 
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thenmeutically effective when given once a day or once every few days, methods must be 
developed to increase its circulating half-life. 

Increasing the molecular weight of a protein by covalently bonding an inert polymer 
cham such as polyethylene glycol (PEG) to the protein is known to increase the circulating 
half-lire of the protein in the body. See, for example, Davis et al, Em^USIm^ 
Polymeric Materials and Pharmami ticals f or Bi^^i p m ^si 
However, since multiple PEG molecules can bind to each protein molecule, and because 
there are typically a large number of sites on each protein molecule suitable for binding to 
several PEG molecules using known methods, there has been little success in attaching PEG 
to y,eld homogeneous reaction products. See Goodson et al, BJotechjipJoEx 8 343(1990) 
and U.S. Parent 4,904,584. This lack of site attachment specificity can' give rise to a 
number of problems, including loss of activity of the protein. 

Tims, a need exists for prolonging the circulating half life of IGF without 
compromising its usefulness as a therapetttic agent. Represent mventionsatisf.es this need 
by -creasing the molecular weight of the IGF. This is accomplished by providing muteins 
of IGF suitable for thiol-specific attachment of PEG to IGF and PEG conjugates fonned 
finom such muteins. 

Summary nf the Tnv^;™ 

The invention relates to various modified forms of IGF. One type of modified IGF 
referred to as muteins, is produced by replacing cysteine residues for specific amino acids' 
" ^ <* ^ cysteine residues adjacent to or between amino 

actds in the wild type molecule. Cysteine residues which are not involved in intramolecular 
disulfide bonds are considered to be "free". Cysteine residues can be substituted or inserted 
mregionsofmelGFrnoleculethata^exposedontheprotem'ssurface. Forexample the 
non-native cysteine can be inserted or substituted within the first or last twenty amino acids 
of wud-type IGF-1. Tins non-native cysteine is expected to be free and to serve as the 
attachment site for the polyethylene glycol (PEG) molecules to IGF, resulting in PEGylated 
molecules. In some cases, however, during refolding of the mutein or during reduction of 
the mutem before reaction with PEG, the non-native cysteine can become involved in a 
□sulfide bond and thereby free a native cysteine for PEGylation. Attachment of the PEG 
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molecule to a mutein ^ a ^ ^ fQm rf ^ ^ ^ ^ 
defined structure, where the PEG is attached to the IGF at a free cysteine residue 

Thus, the present invention is directed to a polyethylene glycol (PEG) conjugate 
compnsrng PEG and a mutein of IGF, and particularly IGF- 1 , where the PEG is attached 
to the mutein at a non-native cysteine. PEG can be attached to the free cysteine through 
a thtol-specific activating group including, for example, maleimide, sulfhydryl thiol 
tnflae, tresylate, azindine, exixane and 5-pyridyl. A suitable PEG can have a mo'leaUar 
we 1 ghtof5 k Da,8.5 k Da,10 k Daor20 k Da. The PEG conjugate of the present invention 
can contain a second protein to form a dumbbell. Methods of making the PEG 
1U conjugates are also provided. 

Moreover, PEG is known to increase the circulating half-life of a protein in the 
**y. Thus, IGF can be administered to patients less frequently with equal or better 
effectiveness than in the past. 

The present invention is further directed to muteins of IGF particularly those havin- 
a non-native cysteine in the N-terminal or C-terminal region of the mutein. Tne muteins" 
can be produced by recombinant methods. 

th "2 Pn,Vided fa PreSem inVe " ti0n are Pharmaceutical compositions comprising 
the IGF-PEG conjugate and methods of using the IGF-PEG conjugate to treat a patient 
having or potentially having an IGF associated condition. 

20 Petailed Inscription nf th» Tr » f ^ 

nrm ^ PIBSent i,Venti0n « ^ to modified forms of insulin-like growth factors 
aGF) that provide beneficial properties not exhibited by wild-type IGF. THe modified 
forms of IGF include muteins of these growth factors, containing at least one free cysteine 
Conjugates containing the IGF muteins attached to polyethylene glycol (PEG) are also 
"° considered modified forms of IGF. 

Terms used throughout the specification and claims are defined as follows- 
The term "IGF" refers to any polypeptide that binds to the IGF type I Receptor 
Eluding, for example, IGF-1, IGF-2, (desl-3)IGF-,, (R3)IGF-1 which is a mutein having 
30 ^^ e ^ at - duen ^3,andmsunn. This hormone family is described 
m Blundell and Humbel, m^. 287:781-787 (1980). Due to this common receptor 
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binding, the teachings of the present invention which are described with respect to IGF-1 
are intended to encompass IGF-2, des(l-3) IGF-1 , (R3)IGF-1, and insulin also. 

The term "wild type IGF" refers to the unmodified or naturally occurring IGF. This 
term is used interchangeably with "IGF," "naturally occurring IGF," or "native IGF." The 
term "wild type IGF" also refers to native IGF to which a methionine residue has been 
added at the N-terminus. 

The term "wild type IGF-1" refers to the unmodified or naturally-occurring 70 
amino acid form of IGF-1. This term is used interchangeably with "IGF-1 • "naturally 
occurring IGF-1," and "native IGF-1." The term "wild type IGF-1" also refers to native 
IGF-1 to which a methionine residue has been added at the N-tenninus. 

The term "non-native" refers to that which is not found in the native molecule 
The term "IGF-PEG conjugate" refers to an IGF molecule attached to a polyethylene 
glycol molecule. This is also referred to as a "Peg conjugate". 

The term "N-terminal region" refers to appreximately the first twentv amino acids 
from the N-terminus oflGForanlGF mutein, and up to twelve ammo acids preceding the 
first amino acid of the N-terminus of IGF. 

The term "N-terminus" refers to the first amino acid at the N-terminal region in the 
sequence of wild-type IGF, for example, glycine in IGF-1. 

The term "C-terminal region" refers to aproximately the last twenty amino acids 
from the C-terminus of IGF or an IGF mutein and up to twelve amino acids following the 
last amino acid of the C-terminus of IGF. 

The term "C-terminus" refers to the last amino acid at the C-terminal region in the 
sequence of wild-type IGF, for example, alanine in IGF-1. 

The term "mutein" refers to a modified form of IGF, which has been modified to 
25 contain a non-native cysteine. 

The term "retain biological activity" refers to having at least 1096 of the mitogenic 
activity of wild type recombinant IGF as measured by the relative amount of >H-thyrmdine 
incorporated into TJMR106 rat osteosarcoma cells, in the absence of IGF binding protein-1 
using the assay described herein. The muteins and the conjugates of the present invention 
30 retain biological activity. 

The term "activating group" refers to a site on the PEG molecule which attaches to 
the mutein. 
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The term "pharmaceutical^ acceptable carrier- refers to a physiologically, 
compatible, aqueous or non-aqueous solvent. 

Hie term -free cysteine" refers to any cysteine residue not involved in an 
intramolecular disulfide bond. 

The term "IGF associated condition- refers to an existing or potential adverse 
physiological condition which results from an over-production or underproduction of IGF, 
IGF binding protein or IGF receptor, inappropriate or inadequate binding of IGF to binding 
proteins or receptors and any disease in which IGF admuiistration alleviates disease 
symptoms. An IGF associated condition also refers to a condition in which administration 
of IGF to a normal patient has a desired effect. 

The term "patient" refers to any human or animal in need of treatment for an IGF 
associated condition. 

The IGF muteins of the present invention are produced by modifying wild-type IGF 
particularly at the N-ierminal or C-terminal region of the protein. Such modifications can" 
be substitutions or additions of at least one cysteine residue. An IGF mutein can be 
produced by replacing a specific amino acid with a cysteine, such as, for example 
substituting one of the first or last four amino acids of IGF-1 with a cysteine residue The 
ammo acid sequence of wild type IGF-1 starting from the N-terrninal end is: G P E T L 

CGAELVDALQFVCGDRGFYFNKPTGYGSSSRRAPQTG 
IVDECCFRSCDLRRLEMYCAPLKPAKSA (SEQ ID NO. 1). 

Other modifications include, for example, adding at least one cysteine residue in 
front of the first or after the last amino acid of IGF. For example, a cysteine residue can 
bemserted infrontof and adjacent to me first amino acid of IGF. For muteins produced 
by E^spji, the „on-native cysteine can appear between Met and the first amino acid of IGF. 
A free cysteine residue can also appear in a group of about twelve or less amino acids 
inserted before the first or after the last amino acid of IGF to form a longer IGF mutein. 

In particularly useful embodiments, the non-native cysteine residues are located in 
regions of the IGF-1 molecule exposed to the protein's surface. The N-tenninal region for 
example, is involved in the binding of the IGF to binding proteins, but is not involved in 
binding of IGF to cell surface IGF receptors. 

An IGF-1 mutein of the present invention is also referred to as "a cysteine mutein 
of IGF-I." The non-native cysteine residue can act as the attachment site for covalent 
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linkage of the activating group on the polyethylene glycol. Alternatively, the non-native 
cysteine can become involved in disulfide bonding thereby freeing a native cysteine residue 
for tMol-specific attachment to PEG. The newly created molecule comprising the cysteine 
mutein of IGF with the PEG attached is referred to as a "PEG conjugate of IGF". 

The IGF muteins of the present invention can be prepared by methods well known 
to one skilled in the art. Such methods include mutagenic techniques for replacement or 
insertion of an amino acid residue, as described, for example, in U.S. Patent 4,518 584 
incorporated herein by reference. The muteins produced by mutagenic techniques' can'then 
be expressed as recombinant products according to procedures known to those skilled in the 
art. The muteins can alternatively be synthesized by conventional methods known in the 
art. The IGF muteins can also be prepared according to the methods and techniques 
described in the examples set forth below. 

The present invention also provides IGF-PEG conjugates and methods of making 
such conjugates by attaching the IGF muteins to polyethylene glycol to increase the 
emulating half-life of the molecule in the body as well as decrease its affinity to IGF 
binding proteins. 

In the present invention long chain polymer units of polyethylene glycol (PEG) are 
bonded to the mutein via a covalent attachment to the sulfhydryl group of a free cysteine 
residue on the IGF mutein. Various PEG polymers with different molecular weights 5 0 
kDa (PEGW. 8.5 kDa (PEG^, 10 kDa (PEG 1WM ), and 20 kDa (PEG MW ) can be used 
to make the IGF-PEG conjugates. In order to obtain selectivity of reaction and 
homogenous reaction mixtures, it is useful to use functionalized polymer units that will 
react specifically with sulfhydryl or thiol groups. The functional or reactive group attached 
to the long chain polyethylene glycol polymer is the activating group to which the IGF 
mutein attaches at a free cysteine site. Useful activating groups include, for example 
maleimide, sulfhydryl, thiol, triflate, tresylate, aziridine, exirane, or 5-pyridyl. 

In another embodiment, polyethylene glycol (PEG) polymers containing two 
activating groups can be used to create "dumbbell" type molecules containing two IGF 
muteins attached to one molecule of PEG at each end of the PEG molecule. For example 
PEG bis-malemide (a polyethylene glycol polymer containing a maleimide activating group 
on each end of the PEG molecule) can be used to create these 'dumbbell- type molecules. 
These dumbbell molecules can also comprise a single IGF mutein covalently attached via 
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PEG to a second protein or peptide of different structure. Hie second protein or peptide 
can be, for example, a growth factor such as platelet-derived growth factor, or fibroblast 
growth fector. 

One skilled in the art can readily determine the appropriate pH, concentration of 
protein, and ratio of proteinrPEG necessary to produce a useful yield of either mono- 
pegylatedIGF-1 aGF-PEG), or dumbbell IGF-1 (IGF-PEG-IGF, IGF-PEG-PDGF, or IGF- 
PEG-FGF) using conventional methods known to one skilled in the art for making these 
determinations. 

The invention present also includes pharmaceutical compositions. The IGF muteins 
and PEG conjugates can be in a pharmaceutically-acceptable carrier to form the 
pharmaceutical compositions of the present invention. The term "phannaceuticaUy 
acceptable carrier" as used herein means a non-toxic, generally inert vehicle for the active 
ingredient, which does not adversely affect the ingredient or the patient to whom the 
composition is administered. Suitable vehicles or carriers can be found in standard 
pharmaceutical texts; forexample, in Remington's Pharmaceutical .w^ 16thed.,Mack 
Publishing Co., Easton, PA (1980), incorporated herein by reference. Such carriers 
include, for example, aqueous solutions such as bicarbonate buffers, phosphate buffers, 
Ringer's solution and physiological saline. In addition, the carrier can contain other 
pharmaceudcally-acceptable excipients for modifying or iiiamtaining the pH, osmolality, 
viscosity, clarity, color, sterility, stability, rate of dissolution, or odor of the formulation. 

The pharmaceutical compositions can be prepared by methods known in the art, 
including, by way of an example, the simple mixing of reagents. Those skilled in the ait 
wUl know that the choice of the pharmaceutical carrier and the appropriate preparation of 
the composition depend on the intended use and mode of administration. 

In one embodiment, it is envisioned that the carrier and the IGF mutein or conjugate 
constitutes a physiologicaUy-compaUble, slow-release formulation. The primary solvent in 
such a carrier can be either aqueous or non-aqueous in nature. In addition, the carrier can 
contain other pharmacologically-acceptable excipients formodifymgormamtaiiiingthepH, 
osmolarity, viscosity, clarity, color, sterility, stability, rate of dissolution, or odor of the 
formulation. Similarly, the carrier can contain still other pharmacologicaUy-acceptable 
excipients for modifying or maintaining the stability, rate of dissolution, release, or 
absorption of the IGF mutein or conjugate. Such excipients are those substances usually 
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conception range of the IGF muteins or conjugates in the patient's blood stream It is 
beheved that the maintenance of circulating concentrations of the IGF muteins or conjugates 
f less than 0.01 ng per ml of plasma may not be an effective composition, while the 
prolonged maintenance of circulating levels in excess of 100 ^g per ml may have 
undesirable side effects. Further refinement of the calculations necessary to determine the 
appropnate dosage for treatment involving each of the above mentioned formulations is 
routinely made by those of ordinary skill in the art and is within the ambit of tasks routinely 
performed by them without undue experimentation, especially in light of the dosage 
^formation and assays disclosed herein. These dosages may be ascertained through use 
of the established assays for determining dosages utilized in conjunction with appropriate 
dose-response data. 

It should be noted that the IGF mutein and conjugate pharmaceutical compositions 
described herein may be used for veterinary as well as human applications and that the term 
"patient" should not be construed in a limiting manner. In the case of veterinary 
applications, the dosage ranges should be the same as specified above. 

The pharmaceutical composition of the present invention can be used to treat a 
patient having or potentially having an IGF associated condition. Some of these conditions 
can include, for example, dwarfism, diabetes, periodontal disease and osteoporosis. The 
pharmaceutical composition of the preS ent invention can also be used to treat a condition 
in which administration of IGF to a normal patient has a desired effect; for example, using 
IGF-1 to enhance growth of a patient of normal stature. 

The blowing examples are intended to illustrate the present invention and are not 
intended to be limiting. 



EXAMPLE 1 

A. Construction of the IGF-1 gene 

The IGF-1 gene was assembled in two stages. Initially, the DNA sequence encoding 
IGF-1 was joined to DNA sequences encoding the secretory leader sequence of the E coli 
OMP A protein (ompAL). This gene fusion was constructed in order to determine whether 
IGF-1 could be efficiently secreted from E. coli. A second construct, in which IGF-1 is 
expressed as an intracellular protein in E. coli, was created by deleting DNA sequences 
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encoding the OmpA leader sequence and replacing them with DNA sequences that allow 
intracellular expression of IGF-1 . 

B. Construction of the OmpAL-IGF-1 gene fusion 

The four synthetic oligonucleotides labeled OmpAlU- 

S'GATCCGATCGTGGAGGATGATTAAATGAAAAAGACAGCTATCGCGATCGCAS' 
(SEQ ID NO. 2), OmpA2U: 5 'GTGGC ACTGGCTGGTTTCGCTACCGTA 
GCGCAGGCCGCTCCGTGGCAGTGC3 ' (SEQ ID NO. 3), OmpAiL: 5 . CAGTGC 
CACTGCGATCGCGATAGCTGTCTTTTTCATTTAATCATCCTCCACGATCG3' (SEQ 
ID NO. 4) and OmpA2L: 5 'GCACTGCCACGGAGCGGCCTGCGCTAC 
GGTAGCGAAACCAGC3' (SEQ ID NO. 5), were annealed pairwise (1U + IL and 2U 
+ 2L) and the pairs ligated together. All four of these oligonucleotides were synthesized 
using DNA synthesizers purchased from Applied Biosystems (Models 391 and 380A) The 
Option mixture was then dig«ted with the restriction enzyme HaeTfl. The resulting 
BamHI/Haein restriction fragment coding for a translation^ start signal and the first 21 
amino acids of the ompA signal sequence was purified. This DNA fragment was mixed 
w,th BamHI + Psd-digested PUC18 DNA (commercially available from Boehringer 
Mannhein Biochemicals, Indianapolis, IN) and the two synthetic oligonucleotides [IGF-1 
<M4) U + L] 5TCGGTCCGGAGACTCTGTGCGGCGCAGAACTGGTTGAC 
GCTCTGCA3 (SEQ ID NO. 6) and 5'GAGCGTCAACCAGTTCTGCGCCGC 
ACAGAGTCTCCGGACCGG3 ' (SEQ ID NO. 7) were ligated together. The ligation 
mixture was used to transform E^pji strain JM109 (commercially available from New 
England Biolabs, Beverly, MA) and individual colonies isolated. These plasmids 
(OmpAIIGF-lpUC18) have a translation! start signal followed by DNA sequences 
encoding the OmpA signal sequence and the first 14 amino acids of IGF-1. 

An M13 phage containing DNA sequences encoding amino acids 15 through 70 of 
IGF-1 was created by ugating together the two complementary pairs of oligonucleotides 
(IGF1U + IL and IGF2U + 2L) 5 'GTTCGTATGCGGCGACCGTGGCTTC 
TACTTCAACAAACCGACTGGCTACGGTTCCAGCTCTCGTCGTGCACCGCAG 
ACTGGTATC3' (SEQ ID NO. 8) and 5'TTCGTCAACGATACCAGTCTGCGGTGC 

ACGACGAGAGCTGGAACCGTAGCCAGTCGGTTTGTTGAAGTAGAAGCCACG 
GTCGCCGCATACGAACTGCA3' (SEQ ID NO. 9) and cloning the DNA fragment into 
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Pstt + Hindm-digested M13 rnpl9 DNA (commercially available from New England 
Biolabs, Beverly, MA). Double-stranded DNA was purified from a phage clone and the 
Pstl/Hindm fragment encoding amino acids 15-70 of the IGF-1 protein were isolated. This 
DNA fragment was ligated together with PstI + Hindm-digested plasmid OmpALIGF- 
lpUC18 DNA and used to transform E. coli strain JM107 (commercially available from 
GEBCO BRL, Gahhersburg, MD). The BamHI/Hindin fragment containing the IGF- 1 gene 
fused to the OmpAL sequence was isolated and cloned into the Bamffl + ffindm generated 
site of plasmid pT3XI-2 (described in PCT Application publication WO 91/08285 published 
on June 13, 1991). The completed plasmid containing the ompAL-IGF-1 gene fusion is 
called pT3XI-2 0lOC(TC3)ompALIGF-l. 

C. Construction of the MethionyHGF-1 gene 

The BamHLHindm fragment containing the OmpAMGF-1 gene fusion described 
above was purified from plasmid pT3XI-20lOC(TC3)ompAUGF-l and digested with Hinfl. 
The approximate 200 bp Hinfl/Hindm DNA fragment was mixed with the annealed, 
complementary synthetic oligonucleotides (MetlGFlU + 1L) 5'GATCCGATCGT 
GGAGGATGATTAAATGGCCGGTCCGGAG3' (SEQ ID NO. 10) and 5'AGT 
CTCCGGACCGGCCATTTAATCATCCTCCACGATCG3' (SEQ ID NO. 11) and ligated 
with BamHI + ffindffl-digested plasmid pT3XI2 DNA, and used to transform E. coli 
JM107. The completed plasmid construct is called 0lOC(TC3)IGF-lpT3XI-2 and contains 
an extra alanine residue in between the initiator methionine and the beginning of the IGF- 1 
sequence. The BainHI/Hindm fragment containing the mutant IGF-1 gene was isolated and 
ligated into the Bamffl + HindUI generated site of plasmid pT5T (described in Nature, 
Vol. 343, No. 6256, pp. 341-346, 1990). The ligation mixture was used to transform E. 
coli BL21/DE3 described in US Patent 4,952,496 and the resulting individual colonies were 
isolated. This construct was named 0lOC(TC3)IGF-lpT5T. 

The extra alanine codon was removed by in vitro mutagenesis. In vitro mutagenesis 
was performed using a Muta-Gene kit purchased from Bio-Rad Laboratories (Richmond, 
CA). The mutagenesis procedure followed was essentially that described in the instructions 
that accompany the kit. Plasmid 0lOC(TC3)IGF-lpT3XI-2 was digested with BamHI + 
Hindm and the _200 bp DNA fragment containing the mutant IGF-1 gene was purified and 
cloned into the BamHI and Hindm sites of plasmid M13 mpl9. 
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UracO-containing single-stranded template DNA was prepared following propagation 
of the phage in E. coli strain CJ236 (supplied with Muta-Gene Kit purchased from Bio-Rad 
laboratories, Richmond, CA). The oligonucleotide used for mutagenesis had the sequence- 
5'GATGATTAAATGGGTCCGGAGACT3' (SEQ ID NO. 12). The mutagenesis reaction 
product was used to transform E. coli strain JM109 and individual plaques picked. 

Double-stranded replicative form DNA from individual phages was isolated, digested 
with BamHi + Hindm and the _200 bp fragment containing the IGF-1 gene purified. The 
purified DNA was cloned into the BamHI + Hindm generated site of plasmid P T5T and 
used to transform E. coli strain BL21/DE3. One bacterial colony with the correct plasmid 
was named 0lO(TC3)mutIGF-lpT5T. Several isolates were sequenced, and all were 



correct 



EXAMPLE 2 
Construction of IGF-1 Mutedns 
Several muteins of IGF-1 were constructed. Three of the muteins replaced each of 
the fust three amino acids of IGF-1 with a cysteine residue. These muteins are referred 
to as CI, C2, and C3, respectively. A fourth mutein introduced a cysteine residue between 
the N-terminal methionine residue and the first amino acid of IGF-1. This mutein is 
referred to as -1C. 

TUe -1C, CI, C2 and C3 muteins of IGF-1 were made using the polymerase chain 
taction (PGR) technique as described below. Tne storting plasmid used for the mutagenesis 
expenments was 0lOCTC3)mutIGF-lpT5T, which is described in Example 1 . This plasmid 
contams DNA sequences encoding an initiator methionine followed by the sequence of the 
natural human IGF-1 protein. Mutant IGF-1 DNA sequences were amplified f rom this gene 
using a 5' mutagenesis oligonucleotide that contained the desired mutation and a 3' 
oUgonucleotide of correct sequence. The 5' mutagenesis oligonucleotides were designed 
so that they incorporated the first methionine of the gene as part of an Nde I restriction 
enzyme cleavage site (CATATG). Each mutagenesis oUgonucleotide contained the desired 
mutation followed by 15 to 21 nucleotides mat were a perfect match to the IGF-1 gene 
sequences in plasmid alO(TC3)mutIGF-lpT5T. The 3» oUgonucleotide was 25 nucleotides 
long and was designed to encode the last 6 codons of IGF-1 and to contain the Hind m site 
that follows the stop codon. 
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D T5T « w "1 3 ^ WU -* h ^ — Ndel site of 

pT5T (descnbed above) as the first methionine. This wild type clone is designated 85p-ll 
The oligonucleotides used to const™* the -1C, CI, C2andC3 muteins and the 85p-ll wild 
type clone are set forth in Table 1. 
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Polymerase chain reaction (PCR, TO performed in lOOul re**™ cotuaintag 20 
-M B- PH 8.8, .0 mM Kd, 6 ™M CNH4>2S04, 1 J rt, M6 a2. 0.1% Triton X 100 
^ 20 p TOfc of each oligo ^ appn^d^ ing „ f ^ Bl0frc3 

17!" ^ ° ^ ° f * *■ ^BC CA> .a, 

added alter u» to d=«u ra do„ !K p witlldletubesheI(1 a ^ ^ 

™w i U,2d^„ fmto! d 0ilallh a llim e. The re^ons were cycW 30 ttaes for 
- 95-C. 1 of. a. 65-C, and 1 min. at 72'C in an Ericomp TwinMoc*- the™, 
^(Encomp, San Diego, CA). After th, ha cycle the re**o»s were u72oCf()r 

10 minutes. 

After PCK, 80U1 of the reaction, .ere phenol extracted one time then etaol 
F«P««d. ^P^Pi^mA.«re»^ i n 8 0».ofT E bnflbr ( ,0 rtMTlis . 
i M - ' 2 *" "» ««8«ed with Nde I and Hind m and 

electrophoresed on a 1.5% ag*ose gel. The amplified DNA bands that ran a, 
approximate,, 210bp were ehted using NA45 ^ (&hlEicher ^ ^ 
»c»rdtog to Ote m^facWs ^ eluKd ^ ^ Ksospeii(iHi ^ 

2U ' ™ S"W » «»H»rlnW Noel and Hind rn digested phamid P T3T in 

P ^P^^^ to B^le 1 .TheUg^rea a ions.e re 
-* » .Worm E^CpJi strain BL21/DE3 and colonies selected on LB agar plates 
Jaunng 5^, tf a™,^. Mini pta id DNA preps were made from sL. 
~lon.es from th. transformation plates. The DNA, were digested win, Eco KV am, « 
n » define which transfomam contained ^ DNA ^ Pllsmi ds emmtining 
WW DNA msera were seo.uenced to verify tha, the ^ were correcdy ntuteted (the 
enure IGF gene was sequenced for each mutein). 

^^Srowursmdieswereperfc^edbygr^ing 
or each B nte„ to Uria Bro* + ^g/mltetracycunetoanapproWOD^ofaton, 
1.0. IsopropyH«a. D .,hi„ga baop yranoside (IPTG) was added to 1 mM to induce 
express,™, of T7 polymera* and the suose^ent transcriptfon ami translation of th. ,GF 

Approxirnat.1, 0. 1 OD unit of cens were lysed in SDS samp,, buffer b, 
for two mtnutes and eleorophoresed on , 16* polyacrylamide SDS gel. The gel was 
-ted wid, Coomassie blue. IGF-, protein bands „, the expected size, which i, 
approxnuateiy 7-8 kDa, were observed in the Umes toaded wid, toduced ceU, for each 
mutem as well as for the wild-type control. 



18 



10 



WO 95/32003 

PCT/US95/06540 



Muteins in which cysteine was substituted for the amino acids at residues 11, 12 
15, 16, 55, 64, 65, 67 and 69 of the wild type IGF-1 were also prepared using PGR. The 
PCR template was either the full-length plasmid from clone 85p-ll or the Ndel-Hindm 
fragment from clone 85p-ll containing the wild type IGF-I gene. 

For muteins Cll, C12, C15 and C16, 5' oligonucleotides were synthesized that 
mcorporated the fin* methionine as part of the Ndel site (CATATG) and each contained 
the mutation desired followed by 21-24 nucleotides that were a perfect match to clone 85p- 
11. These oligonucleotides are set forth in Table 2. For the 3' end of the gene a25-mer 
oligonucleotide (IGF(262p)25) that matched the last 6 codons of IGF-Iplus the Ldm site 
following the stop codon was used. IGF(262p)25 is set forth in Table 1. 
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For muteins C55, C64, C65, C67 and C69, 3' ougonucleotides that incorporated the 
Hindm site (AAGCTT), the stop codon (TAA) and containing the mutation desired 
followed by 21-27 nucleotides that were a perfect match to clone 85p-l 1 were synthesized. 
For the 5* end of the gene, a 28-mer oligonucleotide (IGF(85p)28) that matched the first 
7 codons of IGF-I plus the initiation codon for methionine incorporated into an Ndel site 
was used. These oligonucleotides are set forth in Table 3. 
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Polymerase chain reaction (PGR) was performed in lOOul reactions containing 20 
*M Tr* p H 8.8, 10 mM KC, 6 mM (NH4)2S04, 1.5 mM MgC12, 0 .! % Triton ^ 
u^20pmoleof eachougo, approximately lng of template DNA, 200uM each of dATP 
dCTP, dGTP, TTP, 20pm ole of each oligo primer, and 1„, (2.5U, of Pfu polymerase' 
(Stxaagene, San Diego, CA). The reactions were cycled 30 times for 1 min at 05^ x 
nun. at 65T and 1 min. at 72-C in a GeneAmp PCR System 9600 (Perfcn Elmer Cetus) 
After the last cycle the reactions were held at 72°C for 10 min. 

After PCR, the reaction mixtures were purified by passing through ChromaSpin 100 
- ^(Clontech I* inc. , Palo Alto, CA). Purified PCR fragments were digested with 
Nd* and Hmdm and the ~210bp bands elated from 1.5, agarose gel using NA45 paper 
Catcher and SchueU, Keene, NH) according to the manufacturer's specification, Z 
double cut and gel-purified DNA fragments were ligated to similarly cut and gel purified 
PT5T plasmid 3, ^ for 18 ^ ^ resuItmg ^ mixtures ^ ^ to 

C ° h ' *™ DH5a Md P,ated °" » + (SOug/mDp^tes. Pfcsmid DNAs were 

prepared from several colonies using the Qiagen plasmid kit and the entire IGF-I eene 
fenced with the Tao DyeDeoxy Terminator Cycle Sequencing Kit (App^, 
Biosystems). A correct construct was selected for each mutein (clones CI 1-1 C12-3 C15 

BuT^r 1, c ^ 1 ' c65 " 1 * c67 2 ' c69i> e - <»« '«■* 

BL21/DE3 for expression. 

Prehminary expression studies of the muteins were performed by growing two 
representative transformants for each mutein in LB + tetracycHne (12ug/ml) to an 
approbate OD w Of about 0.6-0.8. IPTG was added to a final concentration of ImM and 
the cells allowed .0 grow for an additional 2 hrs. The IPTG induces the expression of T7 
polymerase and the subsequent transcription and translation of the IGF muteins 
Approxtmately 0. 1 OD unit of the cells (both uninduced and IPTG-induced) were lysed in 
SDS sample buffer containing B-mercaptoethanol and ele«ro P horesed on 15 % SDS-PAGB 
n* gel was stained by Coomassie blue and the IPTG-inducible IGF mutein bands of the 
expected size were observed in lanes loaded with induced cells for each mutein 
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EXAMPLE 3 
Expression, Refolding, and Purification of Motrins 
Although the following is written for the C3 mutein, the same procedure applies to 
other muteins contemplated by the instant invention. The only difference is in the starting 

cells used. * 



S^QU cells expressing the IGF-1 C3 mutein were suspended in Buffer A (50 mM 
Tns, P H 7.5, 20 mM NaCl and 1 mM dithiothreitol (DTT) at a concentration of 40 ml 
Buffer A to 10 g cell paste, and disrupted at 1 800 psi using a French pressure cell (SLM 
Instruments, Inc., Uxbana IL). The suspension was centrifuged at 20,000 X g for 30 min 
and aliquots of the pellet and supernatant analyzed by SDS-PAGE. A major band 
corresponds to the IGF-1 C3 mutein was present in the pellet, but not the supernatant 
The pellet was suspended in Buffer A at a concentration of 40 ml Buffer A to 10 g cell 
paste, and re-centriruged at 20,000 X g for 30 min. This wash procedure was repeated 2 
omes. The final pellet containing the IGF-1 C3 mutein was suspended in 6 M guaoidin, 
50 mM Tris, pH 7.5, 6 mM DTT at a concentration of 25 ml to 10 g cells using a ground 
glass homogenizer. The suspension was incubated at room temperature for 15 min The 
undated protein was removed by centrirugation at 20,000 X g for 30 min. The final 
concentration of the C3 mutein was 1.0 mg/ml. SDS-PAGE analysis of the pellet and 
supernatant following the procedure of Example 2 showed that IGF-1 C3 mutein was 
present in the supernatant only. 

The denatured and reduced IGF-1 mutein was subjected to the following three-step 
refolding procedure: 

1) Oxidized glutathione, the mixed-disulfide producing reagent (GSSG), was 
added to the supernatant to a final concentration of 25 mM, and incubated 
at room temperature for 15 min. 

2) The solution was then diluted 10 fold gradually with 50 mM Tris, pH 9.7 
and phenylmethylsulfonylfluoride and cysteine were added to final 
concentrations of ImM and 5 mM, respectively. Final concentration of 
protein was lOOug/ml. 

3) The refolding mixture was incubated overnight at 4oC, and then centrifuged 
at 20,000 x g for 15 min. SDS-PAGE analysis of the pellet and supernatant 
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showed that the supernatant was composed of relatively homogeneous IGF-1 
C3 mutein. 

Aliquots (50ul) of the supernatant were diluted to 200ul with Buffer B (0.05% 
TFA), injected onto a reverse phase column (RIM, 1 x 250mm, Synchrom, Lafayette, IN), 
and eluted with 80% acetonitrile, 0.042% TFA (Buffer C) using a linear gradient (increase^ 
of 2 % Buffer C/min) at a flow rate of 0.25 ml/min. 

A single major peak representing refolded IGF-1 C3 mutein eluted at 26.5 min. 
Refolded IGF-1 C2 mutein eluted at 26.0 min. The retention times of refolded IGF-1 C3 
and IGF-1 C2 muteins shifted to 32.2 min and 31.7 min, respectively, after being 
completely reduced and denatured in 5 M guanidine, 50 mM Tris pH 7.5, 100 mM DTT. 
These results indicate that both the C3 and C2 muteins refold to a single major species 
under the conditions described. N-terminal sequence analysis of IGF-1 C3 mutein eluting 
a 26.6 min gave the sequence: M G P C T LC (SEQIDNO. 29) confirming that a 
cysteine residue has been substituted for glutamic acid in the 3 position of the N-terminal 
sequence of natural human IGF-1 . An extra methionine residue is present at the N-terminus 
of the recombinant protein expressed by E coli. N-terminal sequence analysis of IGF-1 C2 
mutein eluting at 26.0 min gave the sequence: GCETLC (SEQ ID NO. 30) confirming 
that a cysteine residue has been substituted for proline in the 2 position of the N-terminal 
sequence of natural human IGF-1. 

The refold supernatants containing the C55, C64, C65, C67 or C69 muteins were 
analyzed by diluting 50 ul aliquots of the supernatant to 200ul with Buffer B (0.05 % TFA), 
injecting the diluted supernatant onto a reverse phase column (RIM, 1 x 250mm, 
Synchrom, Lafayette, IN), and eluting with 100% acetonitrile, 0.042% TFA (Buffer D) 
using a linear gradient (increase of 2 % Buffer D/min) at a flow rate of 0.25 ml/min. Two 
major distinct symmetrical peaks (1:1 ratio of each), Pkl & PkH, eluted at 20.5 and 21.5 
min, respectively. This pattern closely resembles the pattern observed for wild type 
("WT") IGF-I (See, Meng, et al., J. Chromatography Vol. 443, pp. 183-192 (1988)), 
specifically incorporated herein by reference. The earlier eluting peak observed in the WT 
refold has been shown to be an isomeric form of IGF-I with S-S assignments C6-C47, C48- 
C52, and C18-C61; whereas the later eluting peak is correctly refolded with S-S 
assignment* C6-C48, C47-C52, C18-C61 (See, Raschdorf et al., Bjoj^dicaL^ 
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^^^^^^ vol. 16, pp.3-8 (1988), specifically incorporated herein 
by reference). 

An asymmetrical peak of varying size eluting at 21 .5 - 23.0 min is also present in 
the xefoM supematam. SDS-PAGE analysis of this material shows that it contains 
mrsfolded monomer and multimer forms of IGP-I. RP4 analysis of the refold supernatants 

from 20.5 . 21 . 5 min , „ weU u ^ ^ J5% q{ ^ ^ Qf 

^s-folded materia, eluting at 21.5 - 23.0 min. T,e Mention time of the refold mutej 
1 j° 2 ^ *** and denatured in 5 M guanidine, 50 mM 

^ ^ 100 ^ DTT - ™ s demonstrates that the refolded forms "collapse" to a 
«ngle polypeptide after reduction of disulfides. The RP4 peaks, therefore, represent 
distinct forms of IGF muteins with different disulfide bonds. 



EXAMPLE 4 
Isolation of Refolded IGF-1 Mutein 

refo (435 m0 PrePa,ed fr0m 2 ° g ° f E — «— », the 

refolded C3 or C2 mutein of Example 3 were concentrated to 100ml, acidified to P H 5 5 

with 5M HQ, dialyzed against 20 mM sodium acetate, pH 5.5, and loaded onto an s- 
S^seCIWacia^,^^ 

with the sodium acetate buffer described above. THe bound protein was eluted with a 300 
mi hnear gradient from 0 to 0.5M NaCI. Three ml fractions were collected. A single 
major protein peak eluted at 0.2^0.3M NaCI. Aliquots (100 ul and 25 ul) of each peak 
were analyzed separately by reverse phase (PJ>-4 1 X 250 mm) and gel filtration 
chromatography (Superdex 75 3.2 X 300 mm, Pharmacia/LKB, Piscataway, NJ) Gel 
'° n CffeCtiVely dimeric and multimeric forms of IGF present 

"i the refold supernatant, Fractions containing predominantly monomeric (determined 
from gel futration and RP-4 analysis) C3 mutein were pooled, concentrated to 2 0 mg 
protein/mi, and 2.0-5.0 ml aliquots were loaded onto a Sephacryl S-100 (Pharmacia^LKB 
P^cataway, NJ) geI filtration column (2.6 X 100 cm) previously equilibrated with 20 mM 
s^ U macetate, P H5.5,250mMNaC.. T*e protein was eluted at 2.0 ml/min, and aliquots 
OOul) of each fraction were analyzed by RP-4 reverse phase chromatography and SDS- 
PAGE foUowmg the procedure of Example 2. Fractions containing a s ing,e refolded 
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species of IGF-1 C3 or IGF- 1 C2 mutein monomer of 95 96 or more purity were pooled and 

8.5 kDa polyethylene glycol as described below. 

For the CH, C12, C.5, CK, C55. C64, C65, C67 and C«9 n«ems. the refoK, 

aS»r^75gelffl^ cota „ pr ^^ bi ^ wit|ii|iesiniK 
Synctam), and elufcd ^ ,«,« mm ^ „ ^ B) using a linear 

*«* * CI* * «5 monomer fracUons from Soperde, „ ^ ^ ^ 

C15 and C.6 monomer .morions attained multiple (3-6) peafa when analysed by B.' 

^ ™<*** — «*c„d separael, am, assayed fcrWoacU,*, andsubjLted » 
mass analysis (see below). ™ojectedto 

■*-•_•»--». C-*, Mass analysis .as perfc™* on both die refolded (disuffide 
bondsmtacr.andreducedanddenannedm^. The f „„o^ e were ^J, 
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^.^<*'ta«d^^^,«^ 0 ^ IllIie--ai(>Cf1iie 

■nooomers match the expected mass of polypepte having 3 ta^otola, toiade bonds 
-d a smgte mixed disolfide of either cysteine - ghuathione (Cys*^*^, or 
oyste™ - cystine (Cys-S-S-Cys). The ,ni«d disulfides form durit« ,ef„,d„ E and ren* 
mac beca.se then, is no otter cysteine residne mesen, to ^ avaflabfc 
an intramolecular disulfide. 

A scale up purification for the C69 mutein was also performed, The refold mixture 
from 8 gm of washed inclusion bodies (WIBS) was concentrated ~ 10X to 400 ml, dialyzed 
against 20mM sodium acetate, pH 5.5. 200 «1 aliquots was loaded onto an Sephacryl S-100 
(Pharmacy Pi«,tawa y , NT) gel filtration column (10 x 80 cm) previously 
^ T 20 ^ « *. P* « and 250 mM NaCl. Tne f JZ ere 

SDS/PAGE. Fractions containing monomers were pooled. 

To separate the two isomeric forms of C69, 200 ml of the S-100 monomer pool was 

and loaded onto an Octyl Sepharose (Pharmacia^CB, Piscataway, NJ) a . 5 x 20 

cm) piously equilibrated with Buffer A. The bound protein was eluted with a 750 ml 
fa- Buffer A to 50% Buffer B (50% ethanol-20 mM sodium acetate, pH 
5.5). 12 ml fractions were collected. Two major protein peaks eluted at 25% and 32% of 
Buffer B. Aliquot, (50 ul) of each peak wen, analyzed by reverse phase (RP-4 1 X 250 
nun). Fractions containing predominantly correctly refolded (determined from RP-4 

the correctly refolded C69 pool was 95% or more homogeneous. This material was assayed 

for bioactivity (see below). 7 



EXAMPLES 
Pegylation of Mutems 

n* C3, a and C69 mutetas .ere covalently jotaed to an 8.5 kDa polyethyler. 
*. <8, kDa PEG) or an » ^ „ ^ ^ , ^ 

activating group in a two step process: 
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1) The purified IGF-1 muteins were partially reduced with DTT in a 15 ml reaction 
mixture containing 2.3 mg (296 nmoles) IGF-1 mutein, 170 ug DTT (1110 nmoles) in 14 
mM sodium acetate, 33 mM sodium phosphate, pH 7.0. The final concentration of protein 
was 10 ug/ml, and the molar ratio of DTT:protein was 3.75:1. For reaction with the C69 
mutein, 91ug DTT (592 nmoles) was used and the molar ratio of DTTrprotein was 21 
The reaction mixture was incubated at room temperature for 3 hours (5 hours for reaction 
with the C69 mutein) and terminated by the addition of 1.0 ml of 1M sodium acetate pH 
5.5. The reaction mixture was dialyzed at 4°C overnight against 20 mM sodium acetate 
pH 5*5. 

2) The partially reduced IGF-1 mutein was reacted with either the 8.5 kDa PEG or 
the 20 kDa PEG in a 20 ml reaction mixture containing 2.3 mg (296 nmoles) of protein 
9.985 mg (1174 nmoles) 8.5 kDa PEG in 15 mM sodium acetate, 26 mM sodium 
phosphate, PH 7.0. The final concentration of protein was 112 mg/l. The molar ratio of 
8.5 kDa PEG:protein was 4:1; for reaction with the C69 mutein the molar ratio of 20kDa 
PEG.protein was 4:1. The reaction mixture was incubated at room temperature for 3 
hours, and terminated by placing at 4oC or freezing at -20T. SDS-PAGE analysis of the 
react™ mixture following the procedure of Example 2 showed that approximately 50* of 
the partially reduced PEGylated C2 and C3 mutein was converted to a mono-PEGylated 
species. The C3 and C2 20kDa-PEG conjugates migrated at a relative molecular weight 
of approximately 60kDa on SDS PAGE; TheC3andC2 8.5kDa-Peg conjugates migrated 
at a relative molecular weight of about 23 kDa on SDS PAGE. Approximately 20% of the 
partuUy reduced PEGylated C69 mutein was converted to a mono-PEGylated species 
migrating at a relative molecular weight of 67 kDa on SDS PAGE. 

Wild type IGF-1 subjected to the same partial reduction conditions and PEGylation 
procedures did not become PEGylated. 



EXAMPLE 6 
Purification of Pegyiated Muteins 



- — u .v«u UU vji rcgyiaicu JMUneillS 

The pegyiated C2 or C3 mutein reaction mixtures (containing approximately 100-200 
mg protein) were dialyzed extensively at 4«C against 5 mM citric acid, pH 2 6 The 
pegyiated mutein was separated from the unPEGylated mutein using an S-Sepharose 
(Pharmacia/LKB, Piscataway, NJ) cation exchange column (2.5 X 25 cm) previously 
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equilibrated with 5 mM citric acid buffer, p H 2 6 The brnmH ™- 

?mn m n- P e bound protein was eluted with a 

lvw "near gradient from 0 to 1 M NaCI ?s m i : 

„ rtr t . , NaCL 25 ml fractJOns were collected. Pegylated 

^1^17 WW^*,^,^. ISMoftheconce.trated 
^onscontauiingapptoxin.atelyZO^oftotalpro^ 

(•"aarmacia/LKB, Piscanwav rtncotam*r> «v im , <i™'"yiiwuj 
mM *■"■»"•*. TO) column (2.6 X 100 era) previously equals ^ j,, 

mM sodium acetate, pH 5.5 comainiiw 250 mM Nan -n,. ™ ■ 
per mm. Tne bulk of the material eluted with an apparent MW of 200 kDa 

^waslc^on^aQ-^amonex^coanm, commufpLac^T 
Nn column ,2.6 X 100 cm) previously eouffltated .im 20mM Tns pH 9 « 

^(^.B, : 5.0ml/mm. 10 m, frac*,, werc coll**,. Tb. Co,.** elu J" 
^Cl, „e„ seeded Aom me unreal monomer dmKllt lOOmMNaCL 

0.6 100cm, piOT0 „sly eqntomred „i„ 20mM sodium accme, p. 5.5, 250 mM Nad. 

EXAMPLE 7 
Bioassay of Pegylated Mutems 
RecombmanthunummeaGF-UrlGF-OCBachemCaJiform C A^ v,™ 

= Uted and Pelted mnteins were tested for their revive Z^Z 
afTuntyfor recombinant insulin-lte 6rowIn ,»„„, ^ protem , ^ 

A. Relative Mitogenic Activity 

-ve amonu. of ,.„ymid me ^ „ B . J^Z^Z 
^of^p^mswerepresemur^ersemmfreecondiUons. The ra, osteosa^l 



31 



WO 95/32003 



PCT/US95/06540 



cells (the UMR106 cell line; obtained from American Type Culture Collection, Accession 
No. CRL-1661, Rockville, Maryland) were plated at 5-6 X 104 ceUs in 0.5 ml of Ham's 
F12 Media (Mediatech, Hemdon, VA) containing 796 fetal bovine serum, 100 U/ml 
penicillin and 100 ng/ml streptomycin and 2 mM I^glutarnine per well in 48-weIl tissue 
culture plates (Costar, Cambridge, MA). After incubating for 72 hours at 37»C when the 
cells were confluent, the cells were washed twice with phosphate buffered saline (PBS) and 
pre-incubated in serum-free Ham's F12 medium containing 100 U/ml penicillin and 100 
mg/ml streptomycin and 2 mM L-glutamine for 24 hours. After the preincubation, 0.5 ml 
of F12 serum-free medium containing serial dilutions (1.0 - 1,000 ng/ml) of rIGF-1, C3 
and C2 muteins, and pegylated C3 and C2 muteins were incubated separately for an 
additional 20-24 hours. Each well was then pulse labeled with 0.5 uCi of 3H-myrnidine 
(NEN Research Products, DuPont Co., Boston, MA) for 4 hours, then washed with cold 
PBS three times and incorporated 3H-thymidine was precipitated with cold 7% 
trichloroacetic acid (J.T. Baker Inc., Phillipsburg, NJ). After rinsing with 95% ethanol, 
cells were solubilized with 0.3 M NaOH and aliquots removed for scintillation counting. 
3H-thymidine was quantitated by liquid scintillation counting. All assays were performed 
in triplicate. 

The C3 and C2 muteins and pegylated C3 and C2 muteins were found to stimulate 
the same maximal level of 3H-thymidine incorporation into DNA as recombinant IGF-1 . 
The potencies of the C3 and C2 muteins and the pegylated C3 and C2 muteins were about 
3 to 4 fold lower than recombinant IGF-1. The ED50 (dose required for half maximal 
activity) of recombinant IGF-1 was 5-10 ng/ml compared with 30-40 „g/ml for unpegylated 
C3 and C2 muteins, and the pegylated C3 and C2 muteins. 

These experiments demonstrate that the mitogenic activity of IGF-1 has been 
substantially retained by the C3 and C2 muteins and the pegylated C3 and C2 muteins. All 
four molecules are capable of simulating cells to divide, as measured by ^H-thymidine 
incorporation into DNA. All four molecules are capable of stimulating cells to divide to 
the same maximal extent. 

Using the assay described above, the relative mitogenic activity of of the RP-4 peaks 
(described above) of the CI 1, 12, C15, C16, C55, C64, C65, C67 and C69 IGF muteins 
and of C69-PEG was also determined. The results of the latter assay is set forth in Table 
5. 
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TABLE 5 

APPPROXIMATE ED^ OF IGF-I MUTHN PEAKS & C69-PEG (NG/ML) 




ND - NOT DETERMINED 
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The mitogenic activity of Peaks n of the C12, C16, C55, C67 and C69 mutein 
monomers was not significantly different from the mitogenic activity of correctly refolded 
WT rIGF-I (Peak II). The ED J0 of wild type rIGF-I was 4-6 ng/ml compared with 5-8 
ng/ml for these unPEGylated mutein monomers. Table 5 shows that Peaks I of the various 
muteins had lower (5-30 fold) bioactivity than correctly refolded WT rIGF-I similar to the 
bioactivity of WT rIGF-I peak I. The C69-PEG conjugate, synthesized from peak II of 
C69, had the same bioactivity as C69 peak H and correctly refolded WT rIGF-I. 

B. Relative Affinity for IGF-BP1 

The relative affinities of the C3, C2 and C69 muteins and the PEGylatcd forms of 
those muteins for IGF binding protein-1 (IGF-BP1) were compared to that of the wild type 
IGF-1 by measuring the ability of IGF-BP1 to inhibit the mitogenic activities of the proteins 
on rat osteosarcoma cells. The rat UMR106 osteosarcoma cells were plated at 5-6 X 104 
cells in 0.5 ml of Ham's FI2 containing 7% fetsd bovine serum.. 100 U/ml penicillin and 
100 mg/ml streptomycin and 2 mM I^glutamine per well in 48-well tissue culture plates 
After incubating for 72 hours at 37T when the cells became confluent, the cells were 
washed twice with PBS and pre-incubated in serum-free Ham's F12 medium containing 100 
U/ml penicillin, 100 mg/ml streptomycin and 2 mM L-glutamine for 24 hours. After the 
pre-incubation, 0.5 ml of F12 serum-free medium containing either 50 ng/ml or 200ng/ml 
of rIGF-1, C3 or C2 mutein, or pegylated C3 or C2 mutein were incubated separately with 
varying amounts of IGF-BP1 (100 ng/ml - 1 X 104 ng/ml) for an additional 20-24 hours 
Each well was then pulse labeled with 0.5 uCi of 3H-mymidine (NEN Research Products 
Du Pont Co., Boston, MA) for 4 hours, then washed with cold PBS three times and 
incorporated 3H-thymidine was precipitated with cold 7% trichloroacetic acid (J.T. Baker 
Inc., Philhpsburg, NJ). J H-thymidine was quantitated by liquid scintillation counting. All 
assays were performed in triplicate. 

The results of this experiment indicated that the affinities of the unpegylated C3 
mutein and the pegylated C3 mutein for IGFBP1 were greatly reduced. At a molar ratio 
of 20:1 (IGFBPhrlGF-l), the mitogenic activity of rIGF-1 (50 ng/ml) was reduced 80%; 
however, the mitogenic activities of the same concentrations of the unpegylated C3 mutein 
and pegylated C3 mutein were reduced 35% and 0%, respectively. Similarly, when 200 
ng/ml of the proteins were incubated with a 20 fold molar excess of IGF-BP1 , 70 % of the 
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mitogen* activity of rIGF-1 was inhibited, whereas none of the mitogeaic activity of the 
pegylated C3 mutein was inhibited. The affinities of of both the unpegylated C2 mutein 
and the pegylated C2 mutein were identical to that of wild type IGF- 1 . The affinity of both 
the unpegylated C69 and C69-PEG for IGF-BP1 were not significantly different from that 
of WTrIGF-I 

These data indicate that the pegylated C3 mutein has greatly reduced affinity for 
IGFBP1 when compared to IGF-1. Thus the mitogenic activity of the pegylated C3 mutein 
will not be inhibited by IGF binding proteins under conditions where the mitogenic activity 
of IGF-1 will be inhibited. However, the affinity of pegylated C2 and C69 muteins for 
IGFBP1 is the same as the affinity of wfld type IGF-1. Thus the nutogenic activity of 
pegylated C2 and C69 muteins will be inhibited by IGF binding proteins under the same 
conditions where the mitogenic activity of IGF-1 will be inhibited. 

EXAMPLE 8 
Animal Tests 

Animal studies were performed to compare the pharmacodynamic properties of the 
muteins and PEG conjugates of the present invention to the pharmacodynamic properties 
of wild type IGF-1 . 

A. Animals 

Male Sprague Dawley rats with pituitary glands surgically removed 
(hypophysectomized or Hypox rats) and weighing 110-121 grams were obtained from 
Charles River Co. The rats were maintained in cages with lighting controlled over a 12 
h-light/12 h-dark cycle. 

The animals had continuous access to water and food. Five animals were housed per 
cage. The weight, of the rats were monitored daily and only rats with weight gains of less 
than 2 grams per week during the 2-3 weeks after arrival were considered to be succesfully 
hypophysectomized and used for the experiments. 

B. Methods 

In Experiment I, animals (10 Hypox rats per group) were injected every third day 
(ETD) subcutaneously (sc ) with WT rIGF-I (160 mg, 320mg), unpegylated C2 (320mg), 
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<W«d C3 ( 32o mg) , a 0(C2 . PEO 320ms) w cj 

FEG.320n,g) dissolved to 0.2 „[ of bbding buffer (0.1 M BEPEM.OS M NaRPO ) A 

^^ofjo^^o.^,^ u^^^tevJam 

hours and 0800 hours and body weights were recorded daily between 1600 b and 1700 h 
The weights of rats on the day after the last injection were taken as die final weight 
b Bxpettaen.n.anhnalsPHypoxraBper group) were injected e«,y third day sub- 

«*eo»s,y wia wr nop., 02^, single mjeai0 „ ^ ' 

^'^^^^•^^•^^^"^ofbindhg 
buffer <0.,MHBPE S 4,.05MNaH 1 PO <) . A separate gm, of 9 aninuds received 0.2n^ 
— *- between 0700 h m 0800 b ami bod, weign. were recorded 
daily between 1600 b and 1700 b. The weights of tats on the day after the last injection 
were taken as the final weight 

In Hxpenme* in, animals (10 Hypo* rats, vm ^ ^ ^ 

HEPBS-0.05 M NalVOJ. A separate group of 10 animals received 0.2ml vehicle . 
^ «™ *~ between 0700 b and 0800 b and bod, weigh, were recorded daj,y 
b«ween 1600.1,00 h. The weighs of r*s on the da, after the last injection were uta as 

the final weight 

At the end of Experiments I & n, rats were asphyxiated with CO, and weighed. In 
Expenment m, the tibia were removed and the epiphyseal width measured. 

C. Results 

IGF rSTTt! 1 *" "* " "* ^ i60 °* - 32 °«* - wr 

a mT T"^ no s * ,Mca ™ " ,ei8lt "* **- «■» 

m* 6). Sundarly, animals injeoed ETD with 320 mg uwPEGylated C2 IGF-I „, „„. 
raoyiaed 0 ^ „ ^ ^ ^ ^ 

» "g C2-PEG M d O-PEG gatao 4 . 42 ± 0 74 g ^ ^ ± „ 

1 (p<0.01). The weigh, gain of animals injected with PEGylated C2 or PEGyUted C3 was 
^ufieantiy greafcr than the weigh, gain ofaninais mjeced with me un-PEGylattd C2 or 
C3 n,«ein (p<„.„5, ^ PEGvlated pnJteta ^ ^ 
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identical dose of WT IGF-I showed no efficacy. Surprisingly, the addition of PEG 
improves the biological potency of the molecule. 



TABLE 6 



THE EFFECT OF IGF-I MUTEINS (DNFEGYLATBD & PEGYLATED) ON THE 
GROWTH OF HYPOPHESECTOMIZED RATS 



MOLECULE 


DOSE 
ug/day 


FREQUENCY 


MEAN WT GAIN 

(g) 


p VATITR 

vs 


Vehicle 




ETD 


-1.28 ±0.95 




WT IGF-I 


160 


ETD 


0.23 ± 0.87 




WT IGF-I 


320 


ETD 


0.59 ± 0.79 




C2 


320 


ETD 


-0.52 ± 0.67 




C2-PEG 


320 


ETD 


4.42 + 0.74 


WT320 0.01 
C2 320 0.01 
C3 320 <0.05 


C3 


320 


ETD 


1.75 + 0.90 




C3-PEG 


320 


ETD 


5.45 ± 0.98 


WT320 <0.01 
C2 320 <0.05 
C3 320 < .05 



These results demonstrate that the PEGylated muteins exhibit enhanced 
pharmacodynamics over WT IGF-I and the un-PEGylated IGF muteins. 

Experiment H: Rate treated with sc injections of WT IGF-I 320mg SID 320rag ETD 
and 640mg ETD gained 4.02g ± 0.46g , 0.81g ± 0.81g and 1.41g ± 0 .52g, respectively 
(Table 7). However, animals given 160mg, 320mg, 640mg 960mg of C3-PEG ETD gained 
5.22g + 0.46g, 5.50g ± 0.52g, 8.69 g ± 0.67g, and 10.43g ± 0.77g, respectively (Table 
6). All doses of C3-PEG ETD stimulated significantly more weight gain than both WT 
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IGF-I doses given HID. Animals injected with either 640mg or 960mg of C3-PEG ETD 
gamed significantly more weight than those given 320mg WT IGF-I SED. C3-PEG doses 
of 160mg and 320mg ETD stimulated greater weight gain than 320mg of WT IGF-I SID- 
however, these differences did not reach statistical significance. 



TABLE 7 



THE EFFECT OF C3-PBGylated IGF-I ON THE GROWTH OF 
HYPOEEESECTOMEED RATS 



MOLECULE 



Vehicle 



WTIOF-I 



WT IGF-I 



WT IGF-I 



DOSB 



320 



320 



640 



FREQUENCY 



ETD 



SID 



ETD 



ETD 



MEAN 
WT OAIN 
(t) 

-0.22 + 
038 



4.02 + 
0.46 



0.81 ± 
0.81 



1.41 ± 
0.52 



P VALUE 



WT 320 ETD 0.01 
WT 640 ETD 0.01 



C3-PEG 



160 



ETD 



5.22 + 
0.46 



WT 320 ETD 0.01 
WT 640 ETO 0.01 



C3-PEO 



320 



ETD 



5.50 ± 
0.52 



WT 320 ETD 0.01 
WT 640 ETD 0.01 



640 



ETD 



8.69 x 
0.67 



WT 320 SID <0.01 
C3PEO 160 ETD <0.0I 
C3PEO 320 ETD <0.01 



C3-PEG 



960 



ETD 



10.43 + 
0.77 



WT 320 SID <0.01 
C3PEO 160 ETD <0.01 
C3PEO 320 ETD <0.0l 



Experiment n demonstrates that C3-PEG administered sc ETD exhibits greater 
potency than WT IGF-I administered sc ETD. All doses of C3-PEG stimulated greater 
mean we,ght gain than animals given 320mg WT IGF-I SID. The enhanced 
Pharmacodynamics of C3-PEG make it more potent than WT IGF-I in the anima. mo del 
described. 
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Experiment HI: Rats treated with sc injections of C3-PEG 160 mg and 320 mg 
gamed 8.3g ± 0.7gand9.0g ± O.6g. respectively (Table 4). Vehicle gained 4.2g + 0 3g 
The weight gained induced by C3-PEG was statistically greater than animals given vehicle 
Sumlarly, the tibial epiphyseal widths of rats receiving C3- PEG were statistically greater 
than rats receiving vehicle (Table 8). 



TABLE 8 



MOLECULE 



I MOD 



^ ° F IGF-I ON THE GROWTH OP 

HYPOEHESECTOMIZED RATS (WEIGHT GAIN) 



dose 



FREQUENCY 



ETD 



MEAN WT GAIN 

(E) 



4.2 + 03 



MEAN TIBIA WIDTH 
(mm) 



0.136 ± 0.004 



P VALUE 
vs 



160 



ETD 



8.3 ± 0.46 



0.159 ± 0.008 



Vehicle 
<0.01 



^EG 



320 



ETD 



9.0 + O.g 



0.151 _ 0.004 



Vehicle 

ill 
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TABLE 9 



THE EFFECT OF O-PEGylated IGF-I ON THE GROWTH OF 
HYPOFHESECTOMKED RATS (TIBIA EPIPHYSEAL WIDTH) 



I MOLECULE 
I Vehicle 


DOSE 
ug/day 


FREQUENCY 
ETD 


MEAN TIBIAL 
WIDTH (mm) 

0.136 + 0.008 


P VALUE 

VB 


C3-PEG 


160 


ETD 


0.180 + 0.01 


Vehicle <0.01 


C3-PEG 


320 


ETD 


0.167 + 0.06 


Vehicle <0.01 





Experiment m demonstnues that C3-PEG stimulates not only weight gain, but also 
bone growth in HYPOX rats. This indicates that C3-PEG may be a useful pharmaceutical 
for the induction of bone formation. 

Although this invention has been described with respect to specific embodiments, it 
is not intended to be limited thereto. Various modifications which will be apparent to those 
skilled in the art are deemed to fall within the spirit and scope of the present invention. 
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Claims: 

1. A P°Wene glycol (PEG^^ ^ 
PEG is attached to said mutein at a free cysteine. 

2. The conjugate of claim 1, wherein said PEG is attached to the free cysteine 
though an activating group selected from the group consisting of maleimide, sulihydryl 
thiol, inflate, tresylate, aziridine, exirane, and 5-pyridyl. 

3. The conjugate of claim 1 , wherein the IGF is IGF-1 . 

4. The conjugate of claim 1, wherein the PEG has a molecular weight selected from 
the group consisting of 5 kDa, 8.5 kDa, 10 kDa, and 20 kDa. 

5. The conjugate of claim 4, wherein the PEG has a molecular weight of 8 5 kDa 

6. The conjugate of claim 1 , further comprising a second polypeptide attached to said 

PEG, 

7. The conjugate of claim 6, wherein the second polypeptide is a mutein of IGF. 
8- A mutein of IGF having a non-native cysteine, 

9. The mutein of claims 8, wherein said non-native cysteine is in the N-tenninal 
region of the mutein. 

10. The mutein of claim 8, wherein said mutein is a recombinant product. 

11. The mutein of claim 8, wherein said mutein is expressed by E. coli. 

12. The mutein of claim 8, wherein said non-native cysteine is in the C-tenninal 

region of the mutein. 

13. The mutein of claim 12, wherein said mutein is the C69 mutein. 

14. A method of making the conjugate of claim 1, comprising attaching PEG to a 
free cysteine of an IGF mutein, said mutein having a non-native cysteine in the N-tenninal 

region. 

15. The method of claim 14, wherein said PEG is attached to the free cysteine 
through an activating group selected from the group consisting of maleimide, sulfhydry. 
thiol, triflate, tresylate, aziridine, exirane, and 5-pyridyl. 

16. The method of claim 14, wherein the activating group is maleimide. 

17. The method of claim 14, wherein the PEG is attached to an IGF mutein and 
another polypeptide. 

18. The method of claim 17, wherein the other polypeptide is an IGF mutein. 
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20. A pharmaceutical composition comprising the conjugate of claim 1 in a 
. pharmaceutically acceptable carrier. 

21. A method for treating an IGF associated condition comprising administering the 
pharmaceutical composition of claim 20 to a patient 



42 





INTERNATIONAL SEARCH REPORT 


tntenu jj Application No 

PCT/US 95/06540 


| ^inWTION OF SUBJECT MATTER 

According to International Patent CUstiftcatioa (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED ' — — 


^nr""? documcnuaon IMr <Pcd (dasnflcanon system followed by dasaficatioo symbols) 

IPC o A61K 


DocunjeuU&on searched other than rmiumum documentation to the extent that such document! arc included in (he fields atarched 


Electronic data bast consulted during the uuernanonal search (name of data base and. where practical, search terms used) 


C DOOJIk 


rfENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to dtim No. 


P.X 
A 


W0-A-94 12219 (SYNERGEN INC ;C0X GEORGE N 
(US); MCOERMOTT HARTIN J (US)) 9 June 1994 
see page 7 

see page 8, line 20 - page 9, line 2 
see page 9, line 16 - page 10, line 9; 
claims 1,2,11,18,19,21,22,24 

WO-A-90 12874 (GENETICS INST) 1 November 
1990 

see page 7, line 19 - line 28 
see page 13, line 20 - line 33 

-/-- 


1-21 

1.2,15. 
16 




~Xj Further documents are listed in the ccmonuauon of box C |j£ Patent family memben are listed I 


n annex 




"T later document published after the international Glint date 
'A" document defining (he general state of the art which is not *f P" 00 ^ <1 * te and not in conflict with the application but 

considered to be of particular relevance a ted to understand (he principle or theory underlying the 
"E* earlier document but published on or after the intemarionai , v . "* vent,on . m 

filing date * document of paracular relevance; the claimed invention 
'i* * -aj u j . cannot be considered novel or cannot be considered to 

wjats^s^srsj . v . -o," - ^^ Ac ^unSr.fsL' 0 ^ 

citation or cither special reason (as specified) * document of particular relevance; the dairacd invention 

•r>- . meets, such combuutioo being obvious to a person skilled 
r document published prior to the intemaaonaj filing date but m the art. 

later than the priority date claimed document member of be same patent family 




13 September 1995 


Date of mailing of (he international search report 




European Patent Office, P.B. 5818 PatenUaan 2 
NL • 22B0 HV Rijswijk 
Td. ( + 31-70) 340-2040. Tx. 31 651 eponl, 
Far (+31-70) 340-3016 


Authorized officer 

Berte, N 


page 1 of 2 



INTERNATIONAL SEARCH REPORT 



tatenu a] Applicaiioii No 

PCT/US 95/06540 



C(Contimiilion) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, whew xppropriaie. of th« relevant passagw 



Rdeviftt to cUim No. 



p.x 



W0-A-94 22466 (SYNERGEN INC ;C0X GEORGE N 
(US); RUSSELL DEBORAH A (US)) 13 October 
1994 

see page 8, line 12 - line 22 

see page 9, line 1 - line 6 

see page 13, line 8 - line 14; claims 

1,5-13,17-20,25,28,29,31 

J. BIOL. CHEM. (1994), 269(10), 7610-16 
CO0EN: JBCHA3;ISSN: 0021-9258, 
1994 

KUAN, CHIEN TSUN ET AL 'Pseudomonas 
exotoxin A mutants. Replacement of surface 
exposed residues in domain II with 
cysteine residues that can be modified 
with polyethylene glycol In a 
site-specific manner 1 
see page 7611 

BIO/TECHNOLOGY (1990), 8(4), 343-6 C0DEN: 
BTCHDA;ISSN: 0733-222X, 
1990 

GO0DSON, ROBERT J. ET AL 'Site-directed 
PEGylation of recombinant interleuk1n-2 at 
Its glycosylation site' 
cited 1n the application • 

TETRAHEDRON LETT. (1994), 35(35), 6515-16 
CODEN: TELEAY;ISSN: 0040-4039, 
1994 

TANG, WEI ET AL 'Preparation of a new 
PEGylation reagent for 
sul f hydryl-contai n 1 ng pol y peptide ' 
see the whole document 

W0-A-92 16221 (SYNERGEN INC) 1 October 
1992 

see page 19, line 5 - line 19 

see page 21, line 6 - line 15 

see page 28, line 6 - page 29, line 26 

see page 30, line 12 - line 27 

see page 33, line 14 - line 37 



1-21 



1-21 



1,2,8, 
10,11,14 



1-21 



1-21 



Form PCT/ISA/210 (conUmubca of ncond tiwat) (July 1993) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Intern si Application No 

PCT/US 95/06540 



Patent document 
cited in search report 



Publication 
dale 



Patent Family 
member(i) 



Publicuion 
date 



WO-A-9412219 



WO-A-9012874 



09-06-94 



01-11-90 



WO-A-9422466 



13-10-94 



W0-A-9216221 



01-10-92 



AU-B- 


6048294 


22-06-94 


CA-A- 


2149048 


09-06-94 


US-A- 


5166322 


24-11-92 


A II 1 


5553790 


16-11-90 


EP-A- 


nif Ann 

0469074 


4%f* 4%4% 0*4* 

05-02-92 


CD— A — 

tr-A- 


UODOOD3 


49 AO At? 

Z3-08-95 


EP-A- 


0668354 


23-08-95 


JP-T- 


4504801 


27-08-92 


AU-B- 


6626794 


24-10-94 


AU-A- 


1674292 


21-10-92 


EP-A- 


0575545 


29-12-93 


JP-T- 


6506218 


14-07-94 


N0-A- 


933270 


01-11-93 



Form PCT/K A/310 (patent ftmlly ■ 



a) (luly 1992} 



INTERNATIONAL SEARCH REPORT 



la .attain! ipplkuion No. 

PCT/ US 95/ 06540 



i B " ' ObSerT>ti0M CCtUin dai °" feund uns^hahfc (Continuation of ite m 1 of fr» t Atgt) 
H^^^'-no.heen.au^ 

[l. [T] Claims No*_- 

REMARK: Although claim 21 Is directed to a ne thod of treatment of (dlagnos- 

1 2. I I Claims Not: 



1 3. Q Ctaimi Nou 

**eauie they we dependent duroj tnd are not drifted 



in accordance with the teeond and third sentences of Rule 6.4(a). 
Bo, II Observation, where unity of invg,,,, b lacking (Continuation of item 2 of fort «tot) 
™' ,^ttrnMion « , s ««*»8 Authority found multiple invention, in (hi. international application, a. follow* 



I'' O ^tecE^ 0 "* 1 ,Ureh fw *™ "y ^e applicant, thi, imenutiona. rearch report cover, aU 



search report 



4-Dn 



search report b 



I Remark en Protest 



I I 1116 Bdditionai » c * rch *«* we tocomptnied by the applicant's protest 
I | No P rw " «x»mp«ued the payment of additional search fee*. 



Form PCT/ISA/210 (continuation of first sheet (1)) (July 1992) 



